This paper analyzes the empirical relations between equity premia and state-dependent consumption and market risks. These relations are derived from a flexible specification of the CCAPM with mixture distribution, which admits the existence of two regimes. Focusing on the market return, we find that the consumption and market risks are priced in each state, and the responses of expected equity premia to these risks are state dependent. Extending to various portfolio returns, we show that the responses to downside consumption risks are the most important, they are almost always statistically larger than the responses to upside consumption risks, and they are much larger for firms having smaller sizes and facing more financial distresses.
Introduction
A central research agenda in financial economics is the understanding of the relation between equity premia and systematic risks. In this spirit, the Consumption-based Capital Asset Pricing Model (CCAPM) establishes that the response of expected equity premia to the relevant risk corresponds to the coefficient of relative risk aversion, where this response reflects the price of risk, or synonymously, the increase in stock returns required to compensate investors to a one-unit increase in risk. Here, the risk is entirely summarized by the consumption risk, that is, the covariance between asset returns and consumption change.
From an economic perspective, the CCAPM relies on both fundamental and auxiliary assumptions. The fundamental economic assumptions state that agents trade in a frictionless economy and choose consumption and stock holdings to maximize a Von Neumann-Morgenstern utility, specified from an isoelastic function of consumption (e.g. Hansen and Singleton 1982) . The auxiliary distributional assumptions stipulate that (log) consumption changes and (log) stock returns are jointly governed by a normal distribution (e.g. Hansen and Singleton 1983) .
This paper attempts to enrich the relation between equity premia and risks, by allowing for the possibility that risks are state dependent and capture additional sources of uncertainty than just the consumption risk. For this purpose, our strategy is to preserve the baseline economic assumptions of the CCAPM in order to gauge solely the effects of relaxing the auxiliary normal hypothesis by using flexible, yet tractable, distributional assumptions. This strategy substantially departs from a vast literature that amends agents' preferences, but, in empirical implementations, usually maintained the normality assumption. 1 Importantly, the adoption of a flexible distribution is motivated by the overwhelming empirical evidence against the validity of the normal distribution. For example, the consumption change and stock returns display negative skewness and positive excess kurtosis (e.g. Balke and Fomby 1994) . Also, the covariances between asset returns exhibit asymmetries (e.g. Bekaert and Wu 2000; Kroner and Ng 1998; Conrad, Gultekin, and Kaul 1991) , and their correlations are substantially larger for downside movements of stock returns than for upside ones (e.g. Ang and Chen 2002; Longin and Solnik 2001) . These asymmetries translate into betas that are generally larger in bear markets than in bull markets (e.g. Ang, Chen, and Xing 2006; Braun, Nelson, and Sunier 1995; Ball and Kothari 1989) .
In our application, we specify a mixture of truncated joint normal distributions which admits the existence of two distinct regimes. Specifically, the unfavorable (favorable) state occurs when the market return is smaller or equal (larger) than a certain threshold. Note that this definition of the regimes is appealing given that the state variable, corresponding to the market return, represents a systematic risk and is often selected in previous studies (e.g. Butler and Joaquin 2002; Longin and Solnik 2001) . Also, the mixture distribution offers several advantages. First, it is tractable since switches across regimes are defined from a single state variable that is observable. This contrasts with previous analyses of asset return behavior based on Markov switching processes, which involve latent state variables (e.g. Mark 1993, 1990; Kandel and Stambaugh 1990) .
Second, the mixture distribution nests various existing distributions. Examples include multivariate normal distributions and univariate truncated normal distributions, where the threshold coincides with the mode of the variable (e.g. John 1982) . Third, the mixture distribution is flexible enough to represent a broad class of distributions. In particular, the consumption change and asset returns may exhibit excess kurtosis, skewness, and rich patterns of dependence across states. Such dependence allows for the existence of state-dependent risks, where the downside (upside) risks are measured from the semi-covariances capturing the comovements of the relevant variables within the unfavorable (favorable) state.
We next combine the mixture distribution with the conventional economic environment to derive an analytical solution for expected equity premia. This leads to a flexible specification of the CCAPM that nests the solution obtained from a normal distribution, and that accounts for the deviations of expected asset returns from their modes as well as for the deviations of the comovements between asset returns and consumption change across the two states. The flexible CCAPM establishes rich relations between expected equity premia and state-dependent risks, as illustrated from plausible parametrizations of the mixture distribution. In particular, the responses of expected equity premia to the relevant risks are larger in the unfavorable state than in the favorable one. This reflects the notion that larger risk premia are required to compensate downside risks than upside risks. Also, the responses to downside risks are always positive, whereas the responses to upside risks are sometimes negative. This last feature suggests that compensations may be negative because an increase of upside risks tends to increase the spread of values for asset returns within the favorable state, which, in turn, allows for the possibility of larger returns. Finally, the CCAPM with mixture distribution implies that the relevant sources of systematic risks are the state-dependent consumption and market risks, that is, the semi-covariances of asset returns with consumption change and market return.
Empirically, we estimate the parameters involved in the CCAPM with mixture distribution for monthly post-1960 U.S. data. Given the large number of parameters, we sequentially estimate different subsets of parameters by maximum likelihood conditional on given values for the remaining parameters, to ultimately estimate jointly all parameters. These estimates are then used to measure the responses of expected equity premia to consumption 3 and market risks in each state, where these risks are evaluated from the relevant semicovariances. We finally compute the covariance matrix of the estimates of the responses and risks by applying a bootstrap method. This allows us to test whether the responses to consumption and market risks are statistically different across states, and whether risks are state dependent.
We start our empirical investigation by focusing exclusively on the relations between a global-index return and state-dependent risks. We find that the estimates of the responses of expected excess market return to consumption and market risks are positive in each state, except for the upside market risk, and are always significant. This suggests that both the consumption and market risks are priced in each state. Also, the responses to downside consumption and market risks are statistically larger than the responses associated with the upside counterparts. This indicates that the responses to both consumption and market risks are state dependent. Finally, the consumption and market risks are always positive, mostly significant, and state dependent.
We then pursue our analysis by considering several extentions to study the relations between portfolio returns and state-dependent risks, where portfolios are sorted by size, book-to-market, and industry. We find that the dominant relations are those linking equity premia to downside consumption risks. Specifically, the estimates of the responses to these downside consumption risks are often significant. Moreover, these responses are much more frequently significant than any other responses associated with alternative sources of risks. In addition, the responses to downside consumption risks are most of the time statistically larger than the responses to upside consumption risks, and are much larger for firms having smaller sizes and facing more financial distresses. Note, however, that the wide range in the responses to downside consumption risks across portfolios arises despite that the levels of these risks are not much larger for smaller firms, for more financially fragile firms, or for specific industries. This paper is organized as follows. Section 2 presents the properties of the mixture distribution. Section 3 derives the relation between equity premia and state-dependent risks from the CCAPM with mixture distribution. Section 4 outlines the estimation method.
Section 5 reports the basic results focusing on the links between a global-index return and state-dependent risks. Section 6 presents extensions to understand the behavior of returns across various portfolios. Section 7 concludes.
Mixture Distribution
This section presents a flexible mixture distribution that nests the conventional normal distribution, which constitutes an auxiliary assumption frequently invoked to solve the CCAPM (e.g. Hansen and Singleton 1983) . The mixture distribution will prove useful to analyze rich relations between equity premia and state-dependent risks. 2 Specifically, the mixture distribution admits the existence of two distinct regimes. The first regime corresponds to an unfavorable state (s = 1) occuring when the market return is smaller or equal to a certain threshold. The second regime is a favorable state (s = 2) arising when the market return is larger than the threshold. This definition of the regimes is appealing for a number of reasons. First, the unfavorable and favorable states may be interpreted as bear and bull markets. Second, the state variable corresponding to the market return represents a systematic risk, since the market portfolio fully diversifies idiosynchratic risks. Third, our unique state variable provides a parcimonious representation of multiple state variables corresponding to individual asset returns, given that the market return is a linear combinations of all individual returns. Fourth, our selection of the state variable is analogous to that find in several previous studies (e.g. Butler and Joaquin 2002; Longin and Solnik 2001) , and is consistent with the cases where specific portfolio or individual returns constitute the state variables (e.g. Ang and Chen 2002) .
Formally, we use a mixture of truncated normal distributions. To do so, we first form the unconditional density (relative to the states) of the variables by summing across states the joint density function of the variables and the states:
(1)
The vector of variables is X t+1 = [x i,t+1 ], with i = 1, . . . , n, c, m and n = (N − 1). Here,
x c,t+1 is the (log) consumption change, x m,t+1 is the (log) return of the market portfolio, and x i,t+1 is the (log) return of asset i, with i = 1, . . . , n. Note that the return of the N th asset is excluded to avoid a perfect multicolinearity between the market return and individual returns. The vector Θ includes population parameters.
We then specify the conditional density function to that associated with a truncated normal distribution:
The vector Λ = [λ i ] contains the modes of each variable. The positive definite scaling matrix Σ s = [σ s,ij ] may be specific to the state, where s = 1, 2 and i, j = 1, . . . , n, c, m.
The indicator function I s,t+1 takes the value one in state s and zero otherwise. For example, I 1,t+1 = 1 when r m,t+1 ≤ τ and I 2,t+1 = 1 as long as r m,t+1 > τ, where τ is the threshold.
The constant k s = (s − 1) − (−1) s F δ √ σ s,mm normalizes the cumulative distribution 6 function associated with (2) to unity, where F δ √ σ s,mm is the cumulative distribution function of the standard normal distribution and δ = (τ − λ m ) is the differential between the threshold and the mode of the market return.
Also, it can be shown that the unconditional probability (relative to the states) of being in state s corresponds to:
Note that the mixture distribution nests the conventional normal distribution when the restrictions δ = 0 and Σ = Σ 1 = Σ 2 are imposed. In this case,
, and π s = 1/2, where the expected value of each variable is equal to its mode and the covariance matrix corresponds to the scaling matrix.
Some properties of the mixture distribution are summarized by the unconditional moments (relative to the states). The first and second moments are:
√ σ s,mm , and η s = exp − 1 2 δ 2 σ s,mm /k s . Note that imposing the restrictions δ = 0 and Σ = Σ 1 = Σ 2 associated with the normal distribution confirms that E X t+1 |Ω t = Λ and Υ = Σ. In general, relaxing these restrictions may imply that the expected value of a variable is smaller or larger than its mode. Also, the variances of the variables may be smaller or larger than those obtained from the normal case. Finally, the covariances between the variables may display the same or opposite signs than those related to the normal distribution.
The notion of state dependence is highlighted from the semi-moments, which are defined as the conditional moments (relative to the states). The first and second semi-moments are:
where
The restrictions δ = 0 and Σ = Σ 1 = Σ 2 impose that the expected values of the variables within each state are at equidistances from their modes, whereas the variances and covariances within each state are identical. The latter property implies that the semi-covariance between the asset return and consumption change is the same across states. This reflects a state-independent consumption risk, which is the unique source of systematic risk in the standard CCAPM. Likewise, the semi-covariance between the asset return and the market return is state independent. As will be discussed in the next section, the market risk represents an additional source of systematic risk in our application.
In contrast, relaxing the restrictions related to the normal distribution yields semicovariances that may differ across states. In such a case, the consumption and market risks become state dependent. Importantly, these state-dependent risks allow us to distinguish between downside and upside risks. That is, downside (upside) consumption and market risks are measured from the semi-covariances capturing the comovements of the relevant variables within the unfavorable (favorable) state. Interestingly, our measures of downside and upside risks accord with the notion that risks may be adequately captured by the second semi-moments, as highlighted in pioneer work (e.g. Markowitz 1959) . Also, our measures of downside risks represent a specific application of the notion of co-lower partial moments (e.g. Bawa and Lindenberg 1977) .
The mixture distribution offers several advantages. First, it is tractable since switches across regimes are defined from a single state variable that is observable. This constrasts with Markov switching processes, which involve latent state variables (e.g. Hamilton 1989 ).
As mentioned above, such processes have been used in previous work to document statedependent risks.
Second, the mixture distribution nests some existing distributions. For exemple, it encompasses mixtures of univariate truncated normal distributions, for which the threshold coincides with the mode of the variable (e.g. John 1982) . Importantly, our multivariate extension is required to measure state-dependent downside and upside risks through the appropriate semi-covariances. Also, as shown above our mixture distribution generalizes the conventional normal distribution, which is often used in the CCAPM to relate equity premia to state-independent measures of risk.
Third, the mixture distribution is flexible enough to represent a broad class of distributions.
For expositional purposes, consider standardized bivariate distributions for the market return (i.e. the state variable) and an other variable. 3 The other variable may be the consumption change, so that the dependence between the variables provides information 3 The standardization is performed by defining the vector of variables W t+1 =Φ −1
are computed from (4) and (5) for δ=0, Λ=0, and various parametrizations of Σ 1 and Σ 2 .
on the consumption risk for the market portfolio. Alternatively, the other variable may be an individual asset return, such that the dependence between the variables is related to the market risk for the individual asset. As is well known, the standardized normal distribution implies that the variables display no excess kurtosis, no skewness, and no dependence in every state. The latter feature translates into the absence of consumption or market risk in all regimes. In contrast, Figure 1 illustrates from some parametrizations that the standardized mixture distribution often implies that the variables exhibit excess 
Equity Premia
This section derives the relation between equity premia and state-dependent risks. For this purpose, we solve the CCAPM for an environment that preserves the usual fundamental economic assumptions, but relaxes the conventional auxiliary assumption that the variables are normally distributed. 4
The economic assumptions postulate that an infinitely-lived representative agent is characterized by Von Neumann-Morgenstern preferences, where the time-period utility is an isoelastic function of consumption (e.g. Hansen and Singleton 1982) . In this environment, 4 The solution is fully detailed in the Appendix.
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the optimal choices of consumption and asset portfolio shares lead to the Euler equation:
The term E denotes the expectation operator and Ω t is the set of information available in period t. The variable C t represents consumption and R i,t+1 is the gross return of individual asset i. These variables are used to construct
, the (log) return of the riskfree asset, and x m,t+1 = log R m,t+1 , the (log) return of the market portfolio. The parameter β is the discount factor and α is the relative risk aversion. Equation (8) holds for each risky asset, the riskfree asset, and the market portfolio.
To solve the expectation involved in (8), we depart from the standard approach which imposes that the consumption change and asset returns jointly follow a normal distribution (e.g. Hansen and Singleton 1983) . Instead, we use the flexible mixture distribution (1)- (3) to obtain an analytical solution for expected equity premia. For asset i, the solution takes the form:
Here, the excess return x e i,t+1 = x i,t+1 −x f,t+1 corresponds to the equity premium of asset i, Evaluating expression (9) under the restrictions δ = 0 and Σ = Σ 1 = Σ 2 associated with the normal distribution yields the conventional solution of the CCAPM:
In general, equation (9) leads to a flexible specification of the CCAPM that includes a term (between the first set of brackets) which is similar to the conventional solution and other terms (between the other sets of brackets) which highlight various deviations. For example, the expression between the second set of brackets reflects the deviation of the expected asset return to its mode. Also, the term between the third set of brackets captures the effect on the expected asset return of the deviations in movements and comovements of return and consumption change between the two states. Likewise, the expression between the fourth set of brackets measures the effect on the riskfree rate of the deviation in fluctuations of consumption change across regimes.
Importantly, the relevant sources of risk depend on the distributional assumptions. For example, the CCAPM with normal distribution predicts that the risk is entirely captured by a state-independent consumption risk. This is confirmed by noting that υ ic = σ ic , as obtained by evaluating (5) under the restrictions δ = 0 and Σ = Σ 1 = Σ 2 . In contrast, the CCAPM with mixture distribution implies that the relevant risks are the state-dependent consumption and market risks. To see this, note that expression (9) involves the parameters σ s,ic , σ s,im , σ s,mc , σ s,mm , and δ, and equation (7) establishes that the consumption and market risks in regime s are determined by these parameters.
Moreover, the relation between equity premia and risks is affected by the distributional assumptions. Specifically, the CCAPM with normal distribution implies that the expected excess return is linear in the state-independent consumption risk, so that its response to this risk is constant. In contrast, the CCAPM with mixture distribution leads to a highly non-linear function in state-dependent consumption and market risks, and as such the response of expected excess return to each source of risk is not a fixed proportion. Figure 2 indicates that the expected equity premium raises as either the downside or upside consumption risk increases. However, the increase of the expected excess return is much more pronounced when the downside consumption risk increases than when the upside consumption risk increases. Figure 3 reveals that the expected equity premium raises when the downside market risk increases, but decreases as the upside market risk increases.
It will prove useful to summarize these relations by the responses of expected excess return to each source of risks in a given state. Formally, for asset i the response to the consumption risk in state s is defined as
5 Specifically, the expected excess market return as well as the consumption and market risks in each state are constructed by evaluating equations (9) and (7) from various values in the neibourghood of the estimates of the parameters (Σ 1 , Σ 2 , and δ) involved in the relevant second semi-moments and values for the remaining parameters (α and λ c ) that are calibrated to their estimated values. The estimates of the parameters are obtained for a bivariate specification including the excess market return and consumption change (see Section 5).
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The numerator and denominator in (10) are the differentials of the expected excess return and of the consumption risk in state s with respect to changes in the parameters involved in the semi-covariance between the asset return and consumption change in regime swhere the expected excess return and state-dependent consumption risk are given in (9) and (7). Accordingly, expression (10) measures the response of expected equity premium to an infinitesimal change in the consumption risk in state s. Similarly, equation (11) measures the response of expected excess asset return to an infinitesimal change in the market risk in state s. 6
For the CCAPM with normal distribution, equations (10) and (11) reduce to ρ 1,ic = ρ 2,ic = α and ρ 1,im = ρ 2,im = 0. Note that these constant responses are state independent.
Specifically, the response to the consumption risk in each state corresponds to the relative risk aversion. As is well known, this term captures the price of consumption risk, that is, the change in the risk premium required to compensate investors when the covariance between the asset return and consumption change increases by one unit. Also, the response to the market risk in each state is null. This confirms that this type of risk is never priced.
When the CCAPM with mixture distribution is evaluated under the parametrizations used in Figures 2 and 3 , the responses display the following signs and magnitudes: ρ 1,ic > ρ 2,ic > 0, ρ 1,im > 0, and ρ 2,im < 0. These results have three economic implications.
First, all responses are non-null, which implies that both the consumption and market risks are priced. Second, the responses are state dependent. In particular, the responses to the consumption and market risks are larger in the unfavorable state than in the favorable one. This reflects the intuitive notion that a larger risk premium is required to compensate a downside risk than an upside risk. Third, the response to the upside market risk is negative. This implies that there is a negative compensation following an increase of the comovement between asset and market returns within the favorable state. Intuitively, this occurs because such a larger comovement tends to increase the spread of values for the asset return within the favorable state, thus, making possible the realization of a larger return.
Estimation Strategy
This section outlines the empirical method that we apply to analyze the relation between equity premia and risks. This method includes three blocks. In the first block, we estimate the parameters involved in the CCAPM with mixture distribution. In the second block, we use these estimates to measure the consumption and market risks as well as the responses of expected excess returns to these risks. In the third block, we compute the covariance matrix of the estimates of the risks and the responses. This will allow us to test whether the consumption and market risks are statistically different across states, and whether the responses are state-dependent.
Specifically, the first block is a maximum-likelihood estimation procedure. For this purpose, the sample log likelihood is evaluated from the following expression:
where the joint density function is given by (1)-(3) and T is the sample size.
In practice, it will prove useful to evaluate equation (12) from the observations on excess returns (x e i,t+1 ), rather than from data on the returns of assets (x i,t+1 ). To this end, the deviations of asset returns from their modes in the truncated normal distribution (2) are rewritten as:
Equation (13) is obtained by substituting out the mode of the asset return from (4).
Equation (14) is derived by substracting the riskfree rate from the actual and expected asset returns, and by substituting the expected excess return by the solution (9) In our applications, the maximum-likelihood estimates are computed for the parameters involved in a bivariate specification as well as multivariate extensions. The bivariate case evaluates the deviation (14) for the excess market return (i = m) and takes into account the deviation of consumption change from its mode. This case involves 9 parameters: 3 distinct elements in the scaling matrix Σ 1 , 3 distinct elements in Σ 2 , the differential δ between the threshold and the mode of the market return, the relative risk aversion α, and the mode λ c of the consumption change. Also, each multivariate specification includes 6 equations: the deviations (14) for four excess portfolio returns (i = 1, . . . , n with n = 4) and for the excess market return (i = m), as well as the deviation of the consumption change from its mode. Hence, each multivariate specification involves 45 parameters.
Admittedly, estimating as many parameters is a challenging task. To circumvent this difficulty, we sequentially estimate different subsets of parameters by maximizing the likelihood function (12) conditional on given values for the remaining parameters, to ultimately estimate jointly all parameters. This procedure is described by the following four steps.
Step 1. The distinct elements of Σ 1 and Σ 2 and the parameter λ c are estimated, given fixed values for α and δ. For this purpose, we initiate Σ 1 = Σ 2 to the sample covariance matrix of the variables involved in the specification, we use the starting value λ c = 0, and we fix the remaining parameters to α = 25 and δ = 0.
Step 2. The relative risk aversion α is estimated, for given values for all other parameters.
To this end, we use 50 different starting values for α, which are uniformly split over the range between 1 and 50. Also, these starting values are combined with 201 different fixed values for δ, which are uniformly spread out over the interval −1 and 1. Moreover, for all cases the values for the elements of Σ 1 and Σ 2 and for the parameter λ c are fixed to the estimates found in Step 1.
Step 3. The elements of Σ 1 and Σ 2 as well as the parameters λ c and α are jointly estimated, conditional on fixed values for δ. To do so, the starting values for Σ 1 , Σ 2 , and λ c are set to the estimates computed in Step 1. The starting values for α correspond to the estimates obtained in Step 2 for each point of the grid for δ. Moreover, the parameter δ is fixed to various values by using the same grid as in Step 2.
Step 4. All the parameters are jointly estimated. In this case, the relevant starting value for δ corresponds to the point of the grid which yields the largest log-likelihood value in
Step 3. Also, the starting values for the remaining parameters are set to the estimates obtained in Step 3 for the relevant value of δ.
In Steps 1 to 4, the estimates are computed by using the Nelder-Mead Simplex algorithm to maximize the log-likelihood function (12) under certain restrictions. 7 Specifically, the restrictions impose that the risk aversion α is positive, the matrices Σ 1 and Σ 2 are positive definite, and the number of observations in each state is at least 5 percent of the sample size. The latter restriction ensures that there are sufficient degrees of freedom in each state (i.e. at least 28 observations) to estimate the distinct elements in Σ 1 and Σ 2 (i.e. 3 and 21 parameters per state in the bivariate and multivariate specifications, respectively).
The second block of our empirical method measures the risks and the responses of expected equity premia to risks. In particular, the risks are obtained by evaluating the relevant second semi-moments (7) The last block of our approach constructs the covariance matrix for the estimates of risks and responses. Obviously, this is essential to statistically test whether the risks and responses are individually significant, and whether they are state dependent. In practice, we compute the covariance matrix of interest by applying the delta method. This, in turn, requires the covariance matrices of the maximum-likelihood estimates of the parameters involved in the bivariate and multivariate specifications. Given that these covariance matrices are not directly available since we use a Simplex algorithm, we compute these Raphson method, the Newton-Raphson Ridge method, the Quasi-Newton method, the Double Dogleg method, the Conjugate Gradient method, and the Trust Region method.
matrices by applying the bootstrap method. Specifically, we resample the series involved in the bivariate and multivariate specifications to generate 100 bootstrap samples, and, for each bootstrap sample, we apply the four-step maximum-likelihood procedure outlined above.
Basic Results
In this section, we assess the properties of the CCAPM with mixture distribution from a bivariate specification, which involves the excess market return and consumption change.
For this purpose, we use monthly U.S. data covering the 1960-01 to 2007-12 period. The excess return is the difference between the (annualized) market return and riskfree rate. As a useful starting point, Figure 4 documents the behavior of the risks and responses associated with various values for the differential δ (between the threshold and the mode of the market return), where δ is one of the key parameters of the mixture distribution. 9
Visual inspection of the plots reveal that the consumption risk is systematically smaller than the market risk in each regime. Apart from this characteristic, the consumption and market risks display similar patterns. For example, these risks are always positive in both the unfavorable and favorable states. Also, the downside risks are almost always larger than the upside risks, which suggests that the risks are state dependent for most values of the differential. Specifically, the downside consumption and market risks are around three times larger than their upside counterparts for small values of the differential, but are about the same size for large values of the differential. As a result, the downside (upside) consumption and market risks tend to decrease (increase) slowly in the differential over the horizon including small and intermediate values of the differential, and to decrease (increase) sharply for large values of the differential.
Regarding the compensations associated to different sources of uncertainty, note that the responses to consumption risks are almost always larger (in absolute values) than the responses to market risks. Otherwise, the responses to consumption and market risks share similar characteristics. More explicitly, these responses are always positive in the unfavorable state, whereas they are either positive or negative in the favorable state. Also, the responses to downside risks tend to be larger than the responses to upside risks, which implies that the responses are state dependent for certain values of the differential. In particular, the responses to downside consumption and market risks are large over the range including the smallest values of the differential, they decrease rapidly in the differential for small values of the differential, and they remain small or negligible for intermediate and large values of the differential. The responses to upside consumption and market risks depict a similar shape, except that the responses become negative over the horizon of intermediate and large values of the differential, and they converge toward zero over the range covering the largest values of the differential.
For many reasons, these findings are at odds with the predictions of the CCAPM with 20 normal distribution. First, the consumption risks and the associated responses are most of the time state dependent, as they substantially differ across states over most values of the differential. Second, although the downside and upside consumption risks are occasionally about the same magnitudes under the largest values of the differential, the associated responses are negligible. Hence, time-independent consumption risk does not seem to be priced, and as such it may not be relevant to explain risk premia. Third, the responses to the upside and downside market risks are non-null for many values of the differential. This implies that not only the consumption risks, but also the market risks, may affect excess returns.
To pursue the analysis, Table 1 reports the joint estimates of all the parameters of the bivariate specifications involving the CCAPM with mixture distribution and with normal distribution. 10 For the CAPM with mixture distribution, the estimates indicate that the consumption and market risks are always positive and are all significantly different from zero, with the exception of the upside consumption risk (for a level of significance of 10 percent). Also, the estimates of the downside consumption and market risks are larger than their upside counterparts, and the hypothesis of identical risks across the unfavorable and favorable states is statistically rejected for each source of uncertainty. This confirms that both consumption and market risks are state dependent.
In addition, the estimates reveal that the responses to consumption and market risks are positive, except for the response to the upside market risk, and are always significantly different from zero. This implies that both the consumption and market risks are priced in each state. Also, the estimates of the responses to downside consumption and market risks are larger than the responses associated with the upside counterparts, and the hypothesis of 10 These estimates are obtained by applying the entire estimation strategy explained in the previous section, including Step 4 of the maximum-likelihood procedure.
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identical responses across the two regimes is statistically rejected for each type of risk. This confirms that the responses to both consumption and market risks are state dependent.
For completeness, note that the estimates indicate that the semi-variances of consumption change are significant in each regime and are statistically different across states. Also, the estimate of the differential is positive and statistically different from zero. Likewise, the estimates of the risk aversion and the mode of consumption change are positive and significant.
In comparison, the estimates obtained for the CCAPM with normal distribution often substantially deviate from those just presented above. In particular, the estimates of the state-independent consumption and market risks largely undervalue the risks associated with the unfavorable state. Moreover, the estimate of the state-independent response to consumption risk, which corresponds to the relative risk aversion, largely overstates the responses to both downside and upside consumption risks. Finally, the state-independent response to market risk, which by construction is fixed to zero, underestimates the response to the downside market risk, and overpredicts the response to the upside counterpart.
Overall, the individual test results discussed so far overwelmingly reject the predictions of the CCAPM model with normal distribution highlighting that each type of risks and responses is state independent. In addition, performing a joint test leads to a strong rejection of the four restrictions imposed by the normal distribution: δ = 0 and Σ 1 = Σ 2 .
Finally, the Akaike and Bayesian information criteria both confirm that the CCAPM with mixture distribution outperforms the CCAPM with normal distribution.
Extensions
This section extends the analysis of the CCAPM with mixture distribution from various multivariate specifications. Each specification includes the consumption change, the excess market return, and excess portfolio returns. As is common practice, five portfolios are formed by sorting returns either by size, book-to-market, or industry. For each portfolio group, the specification excludes the excess return of one portfolio to avoid a perfect multicolinearity between the excess portfolio returns and the excess market return. In practice, we exclude the excess portfolio return that displays the strongest correlation with the excess market return. The excess portfolio returns are measured by the difference between the (annualized) portfolio returns and the riskfree rate, where the portfolio returns are constructed from the logarithms of the gross nominal value-weighted returns (including dividends) for the NYSE, NASDAQ, and AMEX markets and cover the 1982:11 to 2007:11 period. 11 Table 2 reports the estimates of each source of risks and the associated responses for size portfolios. The size criterion sorts firms based on their market-value equity (i.e. the number of shares outstanding times the price per share). The first quintile is a proxy of the smallest firms, whereas the fifth quintile corresponds to the largest firms. The excess return associated with the fourth quintile is excluded.
Interestingly, the estimates of the consumption and market risks associated with the various portfolios are systematically positive, they tend to decrease slightly in the size of firms, and they are all significantly different from zero (for a level of significance of 10 percent).
Also, the estimates indicate that the downside consumption risks are always substantially larger than the upside consumption risks, while the downside market risks are slightly smaller than their upside counterparts. For every size portfolios, the hypothesis that risks are identical across the unfavorable and favorable regimes is statistically rejected for the consumption risks, but not for the market risks. This implies that the consumption risks are state dependent, while the market risks are state independent.
Moreover, the estimates of the responses to risks in the unfavorable state are almost always positive, they decrease substantially in the size of firms for consumption risks, but to a lesser extend for market risks, and they are systematically significant for consumption risks, but almost never for market risks. In contrast, the responses to consumption and market risks in the favorable regime are mostly negative, they usually increase modestly in the size of firms, and they are significant for about half of the cases. Also, the test results reveal that the responses to consumption risks are statistically different across regimes for most size portfolios, whereas the responses to market risks are state dependent for half of the cases.
Next, Table 3 presents the estimates of the risks and responses for growth portfolios.
The growth criterion sorts firms based on their ratio of book-value equity to market-value equity. The first quintile is a proxy of firms experiencing the strongest growth, while the fifth quintile corresponds to firms facing the most important financial distresses. The excess return associated with the first quintile is excluded.
Note that the estimates of the consumption and market risks are always positive, they tend to increase moderatly in the book-to-market ratio, and they are statistically different from zero, except for some upside consumption risks. Also, the downside consumption risks are sizeably larger than the upside consumption risks, while the downside market risks are moderately smaller than their upside counterparts. However, the test results indicate that both the consumption and market risks are state independent.
In addition, the estimates of the responses to downside consumption risks are systematically positive, they increase substantially as firms face more financial distresses, and they are almost always statistically different from zero. Also, the responses to downside market risks are most of the time positive, but they do not exhibit a specific pattern with respect to the book-to-market ratio, and they are never significant. In contrast, the responses to upside consumption and market risks are frequently negative, they tend to increase slightly in the book-to-market ratio, but they are never significant. Finally, the estimates indicate that the responses to consumption risks become state dependent as firms experience more financial distresses, whereas the compensations to market risks always remain statistically identical across regimes.
Finally, Tables 4 reports the Importantly, the extensions presented above reveal that the rich relations between equity premia and downside consumption risks are central for understanding the behavior of excess returns across the various portfolios. Specifically, the responses to downside consumption risks are almost always significant, and, in comparison, the responses to upside consumption risks and to market risks in the unfavorable and favorable states are much less often statistically different from zero. Furthermore, the compensations to downside consumption risks are most of the time statistically larger than the responses to upside consumption risks, and are much larger for firms having smaller sizes and facing more financial distresses. This suggests, among other things, that substantial compensations may be requested by investors to cover for the fact that small firms are less well collateralized than large firms, and thus, are more likely to be subject to binding credit constraints (e.g. Gertler and Gilchrist 1994). It is interesting to note, however, that the pronounced heterogeneity in the prices of downside consumption risks across portfolios occur even if the levels of these risks, although being often significant, are not much larger for smaller firms, for more financially fragile firms, or for specific industries.
Conclusion
In this paper, we have investigated the empirical relations between equity premia and state-dependent consumption and market risks. These relations are derived from a flexible specification of the CCAPM. To obtain this specification, we preserve the conventional fundamental economic assumptions, but we relax the usual auxiliary distributional assumptions stipulating that the variables of interest are jointly governed by a normal distribution.
Instead, we use a flexible, yet tractable, mixture of truncated joint normal distributions which admits the existence of two distinct regimes. This distribution is motivated by the overwhelming empirical evidence against the validity of the normal distribution. Also, the mixture distribution offers the considerable advantage of generating rich patterns of de-pendence across states. Such dependence allows for the existence of downside and upside risks.
Empirically, the estimates of the responses of expected equity returns to consumption and market risks in each state are computed from the estimates of the parameters involved in the CCAPM with mixture distribution, which are obtained by applying the maximumlikelihood method on monthly post-1960 U.S. data. Our basic results, focusing exclusively on the market return, indicate that the estimates of the responses to consumption and market risks are always significant, such that both sources of risks are priced in each state. Also, the responses to downside consumption and market risks are statistically larger than the responses associated with the upside counterparts, so that the responses to both consumption and market risks are state dependent. Furthermore, the extensions, incorporating various portfolio returns, reveal that the responses to downside consumption risks are most often significant, in comparison to the responses to other sources of risks.
In addition, the responses to downside consumption risks are most of the time statistically larger than the responses to upside consumption risks, and are much larger for firms having smaller sizes and facing more financial distresses. Partitionning the matrices in (A.3) yields:
where the scalar y m,t+1 is the deviation of the market return relative to its mode and the vector Y o,t+1 includes the deviations of the other variables to their modes.
Likewise, Γ = ( Γ o γ m ) , Σ 1 = Σ 1,oo Σ 1,om Σ 1,om σ 1,mm , and Σ * 1 = (Σ 1,oo − 1 σ1,mm Σ 1,om Σ 1,om ) −1 .
Transforming the variables in (A.5) produces:
The transformed variables are z m,t+1 = ym,t+1 √ σ1,mm and Z o,t+1 = Σ * 1 2 1 (Y o,t+1 − 1 σ1,mm Σ 1,om y m,t+1 ). The determinant of the Jacobian matrix is |Σ 1 | 1 2 = σ 1 2 1,mm |Σ * 1 | − 1 2 . Note also that Γ Ψ 1 = ( 1 √ σ1,mm Γ o Σ 1,om + √ σ 1,mm γ m ).
Centering the variables in (A.6) implies: Similarly, it can be shown that:
Using (A.2), (A.8), and (A.9) yields the moment generating function:
where M | Γ=0 = 1.
B. Moments and Semi-Moments
The first and second moments and semi-moments are obtained by solving:
and s = 1, 2.
Using (A.8) and (A.9) yields:
Evaluating (B.7) and (B.8) at Γ = 0 produces: (6) and (7).
C. Excess Returns
The expected excess return for the risky asset i is obtained by solving:
The expected return for the risky asset is derived as follows. First, the Euler equation (8) for asset i is written as:
Second, the expectation in (C.2) is constructed from the moment generating function (A.10), evaluated at Γ = (e i − αe n+1 ) where e k is a vector containing the value one in the kth position and zeros elsewhere. This yields:
Third, λ i in (C.3) is substituted out from (4) and logarithms are taken to produce:
Also, the riskfree rate is derived in a similar way, but this time the moment generating function (A.10) is evaluated at Γ = −αe n+1 . This yields:
Using (C.1), (C.4), and (C.5) leads to the equity premium (9). Entries are two times the log-likelihood value 2(log L), the Akaike information criterion (AIC), and Bayesian information criterion (BIC): AIC = 2(log L) − 2p and BIC = 2(log L) − (log T )p, where p is the number of parameters, and T is the sample size. The number in brackets is the pvalue associated with the χ 2 -distributed likelihood-ratio test comparing the specifications Mixture and Normal. Notes: Entries are the estimates for the multivariate specification involving the CCAPM with mixture distribution. Numbers in parentheses are the standard errors of the estimates. Numbers in brackets are the p-values associated with the χ 2 -distributed Wald test that the risks or responses are the same across states. The portfolios i = 1, . . . , 5 are sorted by the book-to-market ratio, where i refers to the quintile. Notes: Entries are the estimates for the multivariate specification involving the CCAPM with mixture distribution. Numbers in parentheses are the standard errors of the estimates. Numbers in brackets are the p-values associated with the χ 2 -distributed Wald test that the risks or responses are the same across states. The portfolios i = 1, . . . , 5 are sorted by industries, where i = 1 refers to Consumer, i = 2 is Manufacturing, Energy, and Utilities, i = 3 is High-Tech, i = 4 is Health, and i = 5 is Others. Note: Estimates of the state-dependent risks and responses for different values of the differential δ.
